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Measurements that | report today

- BF(A — p K ) : PRL 116, 052001 (2016)

- BF(Act — n Ks° it¥) : PRL 118, 12001 (2017)

- BF(Ac — p (e /K*K)) : PRL 117, 232002 (2016)

- BF(A — p (n/n°)) : PRD 95, 111102(R) (2017)
- BF(A& — i) : just accepted to PLB

- BF(At — A X) : Preliminary result

- BF(A' = A et vy) : PRL 115, 221805 (2015)

- BF(A& — A ' vy) : PLB 767, 42 (2017)
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e The lightest charmed baryons pl?/?—\zcn N
— most of the charmed baryons o /5/2* 06
will eventually decay into A.. - D l ) o
Important to know thedecay & | A™ I BT
° % T Y
properties of A.. . ! l - N
e The golden mode, At — p K %‘ - /” el 2
often used to normalize many BFs. E ﬁ_\A ey |, B
S P

= Very important to determine the

absolute BF.

¢ Also important input to Ay Physics
as N\, decays dominantly to A..

e Total known measured BF is ~ 60%.
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BESIII is at Institute of High Energy Physics (IHEP) in Beijing, China
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BESIII Collaboration
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o e Univ.iof Giessen, GSI
¢ous 9™ TP Univ,.0f Johannes Gutenberg

- A Helmbholtz Ins.fn-Mainz; Univ. of Munster-" ..
Univ. of Hawaii Russia: JINR Dubha; BINP Novosibirsk- Koréa (1)
Carnegie Mellon Univ. Italy: Univ.of Tormo,, Frascati Lab, Ferrara R
Univ. of Minnesota =" % Univ. ' # = R . Uni
Univ. of Indiana Netherland: - KVI/Univ. of Gronlngen'# 2 Y At Univ.
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= g L _.China(34
Institute of Physics Univ. of Punjab S Ry T ( ) TOkVO Univ.
and Technology COMSAT CIIT IHEP CCAST, UCAS, Shandong Uhiv,;'
i UI’IIV‘.O_I.SCI and Tech. of China» “ s~ v
BRAZIL Zhejiang Univ., Huangshan Coll.
India (1)

Huazhong Normal Univ., Wuhan Univ.
Indian Institute of Technology  Zhengzhou Univ., Henan Normal Univ.
Pek'ing Univ., Tsinghua Univ. ,
~ 450 members Zhongshan Univ.,Nankai Univ., Beihang Univ.
from 58 institutions in 13 countries Shanxi Univ., Sichuan Univ;, Univ. of South China
"._ . Hunan Univ., Liaoning Univ., Univ. of Sci. and Tech. Liaoning
- Nanjing Univ., Nanjing Normal Univ., Southeast Univ.
Guangxi Normal Univ., Guangxi Univ.
Suzhou Univ., Hangzhou Normal Univ.
Lanzhou Univ., Henan Sci. and Tech. Univ.

linantniv—H Normil- tini—Xi N | Uni.
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~ BEPC I A
(Beijing Electron-Positron Collider Il)

] ] Compton backscattering
-Double ring collider. to measure Epeam :

- Operating since 2008.

- Ebeam - 1'2.3 GEV.
Optimal @ 1.89 GeV.

- Can fill up to 93 bunches in each ring w/ max current of 0.9A.

- Designed luminosity = 1x1033 cm2s! was achieved in April 2016!J
—
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BEPC Il and BESIII

- -
.
2e”sen

ALY

o CreRenRraPy Where | sleep:
Countmg room. ) Next to a Chlnese restaurant!!

% where | take shifts
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BESIII detector

:- A powerful general purpose detector.

:- Excellent neutral/charged particle detection/identification with a large coverage.
v’ Precision tracking

v’ Csl calorimeter :
: v MDC: small cell & Gas:
......................................................................................... He/CsHs (60/40), 43 layers
Magnet: 1T Super conducting | . . 6p/p=0.5%@1GeV, Odedx=6%

EMCAL: Csl crystal

AE/E=2.5 @1GeV

210D

MUC: 9 layers RPC
(8 layers in Endcap)

Time of Flight
O-R(D=1.4~1.7cm "uy . e A S S SR 0-|-=100ps in Barrel
|” 110ps in Endcap
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The e*e” annihilation data sample

-Collected at E., = 4.599 GeV (CPC 40, 063001 (2016)).
Ecm = ZXM/\C - 26 Mev Only!

-The integrated luminosity = 567 pb* (CPC 39, 093001 (2015)).

-Number of A.produced ~ 0.2M (PRL 116, 052001 (2016)).
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Other CHARM samples

-D%) sample: collected at E., = 3.773 GeV.
The integrated luminosity = 2.93 fb™.

-Ds samples:

» collected at Ecn = 4.009 GeV.
The integrated luminosity = 0.482 fb’.

» collected at Ec, =4.178 GeV.
The integrated luminosity = 3.19 fb™.

for more details, see;
Bai-Cian Ke’s talk (D(s) hadronic decycays; right after this talk)

and
Huijing Li’s talk ((semi) leptonic decays of D) in
Jhursday morning session of Quark and Lepton Flavor).

\

_J
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Charm production @ mass threshold

- Around Ecn ~ 4.6 GeV, Tag side
they are produced in pair. | |

e'e” — V* — NN -

- Typically, two ways Signal side (
to obtain the A. yields:

+* Single Tag (ST) : Reconstruct only one of the Ac-pair.
= | arger backgrounds.
= Higher efficiencies.

+* Double Tag (DT): Find both of them.
= Smaller backgrounds.

= Smaller efficiencies.
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Two popular variables

- Beam-Constrained-Mass; Mgc = {(Ebeamz - | BACIZ)

- .
Pac is a reconstructed A¢ 3-momentum.

> Its resolution is dominated by the spread in Epeam
(i.e., mostly independent of final states of A. decays.

> The signal has asymmetric shape A typical ST Mac
(longer tail on its high side)

due to the ISR effect (| pac| gets smaller) =

8001~

oo
—ISR: 7

Fob: 30
—D,D,: 576

I. AZAL 7955‘— a5 611

600
4001

- AE = Enc - Ebeam ook

25 2.255 2.26 2.265 2.27 2.275 2.28 2.285 229 229523

> Almost independent of the measured Mg, . Gou

_ _




/

N—

Hajime Muramatsu U of Minnesota DPF@FNAL AUG/2017 13
BF(A — p K 1)
PRL 116, 052001 (2016)

First absolute BF measurement of this golden mode.

Improved BF measurements of other CF hadronic modes.

- The BFs are extracted via the double-tag technique.

For instance, for the case of A& > p K- et and Ac = A 1t

BF(A: — p K %)

= Not/Nst x (Ac = A 10)/e(Ac = A 1 and A — p K 1t¥).

Notice that;
» BF is determined independent of NacAc and

» The systematic uncertainty due to the reconstruction of
N\ — A\ it tend to be canceled in the ratio.

\
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¢ Look for 12 different tag modes.
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Events/2.0 MeV/c2

wn

200 | pK°

226 2.28- 23 226 2.28 23 226 .2.28--. 23 ® Very Clean event enVironment!

My (GeV/e?)

o | e In the above DT case,
» BESIT
summed over the 12 tag modes

e Simultaneously fit to the all
Nbt = NAcAc X BFAc »tag X BFac»sig X €pr, while
constraining Nacac, taking into account
correlations over modes.

NacAc Will be a byproduct.




W N

Hajime Muramatsu U of Minnesota DPF@FNAL AUG/2017 15

/

Mode This work (%) PDG 2014
| pKY , 1.5240.084+0.03 1.15 +0.30 Belle
pK 7zt 584+027+023 ) 50+ 13 BF(A& — p K 1t*) =(6.8410.24%021 o ,;)%
pK3 1.87+0.13+£0.05 1.65 £ 0.50 PRL 113, 042002 (2014)
pKOntn~ 1.53 +0.11 4 0.09 1.30 +0.35
pK-nta 4.53 +0.23 £ 0.30 34410
Azt 1.24 +0.07 4 0.03 1.07 +0.28
Azt 20 7.01 +0.37 +0.19 3.6+13
Antart 3.81 +0.24 +0.18 2.6+0.7
Yozt 1.27 +0.08 £ 0.03 1.05 +0.28
>t 1.18 +0.10 4 0.03 1.00 +0.34
Stata 4.2540.24 +0.20 3.6+ 1.0
>tw 1.56 +0.20 + 0.07 2.7+ 1.0

-BF(A — p K" it*) : Consistent? ... within ~20 ...
Hopefully, the agreement would improve further in the near
future.
(more data? new technique?)

- Also obtained Nacac = (105.914.8+0.5)x103.

;Other BF(A:t — hadrons) are measured with improved precisions.

\

_J
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Observation of At — n Ks° it*

PRL 118, 112001 (2017)

- First direct measurement A. decay involving the neutron in the final state.
- A test of the isospin symmetry.

........................................... . ............................3.0.[‘........... (a) - (b) -
+ : + +
83 11 signal events : N — SH—nrE)en T %
--------------------------------------------- >
IIIIIIIIIIII'IIIllll.z::llml IIIII : IIIIIIIIIII | m ]
Mmlss -Emlss |pm|ss| ‘{3. 20 uE,
------------------------------------- 5. 0,... %
o S e _
G 051 . . c b oL & 10 -, l, 1 @
. . o ® % :.‘.:...’.." E .',
. .... A Ji %
= 048 |- A\ 1
- T T
° 1 1 1
. 10} (c) [ (d) 1
0.46 |- 5| 5
. * 1 * T ot bt ]
0.7 0.8 0.9 1 1.1 07 08 09 " 11 0.46 0.48 0.5 0.252 0.54
M_. . (GeV/c
Mlzniss (Gev2/c4) Mrzniss (GeV2/c4) T ( )

BF(A—nKs°r*) = (1.82+0.230.11)%
BF(Ac—nK°mt*)/BF (A —pKt*)=(0.6210.09)% (w/ BESIII’s meas.)

BF(Act—nK°rt*)/BF(A—pK°n®)=(0.97+0.16)% (w/ BESIII's meas.) ¥y
-
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A — p 't and p KK
PRL 117, 232002 (2016)
- Single Tag method = relative BF w.r.t. the pK't* mode.

- First observation of single Cabibbo-suppressed (SCS) decay of A;f — p rt'mr.
- Improved measurements on the SCS decays, Ac* = pd and = pK*K non-¢.

pmemneeesesnnnnnnnnns
&K [y, o Jeessssssssssssssssesanus —
o I ) 0 : ) N +or-
S FA pKK i @) | Ssop : A\ — pK*K K b | Ac TR
Qogfzasssmssssnnsnnnnnnnnnnas O [ | = ececessssssssssssssssssss % (%20 """"""""""""
= | S | S 200F5 | &

: 20 5"
o [ O = O 05 08 10 3
NI 0 I S T M Gevi)
30 2 ;
Tl 2L |

I ; i 9]
¢ h!’”ﬁ H}l 4' I‘ILHI‘L "JF o1 : lll]l;]l Hlm[IJHh”I l i
L »IT__oo,o * tut_? T,o"_____"t...' - 1A ;7777 h;ﬂ‘ﬁm'ﬂi s é) R R TR ey S

£25 226 2.27 2.282 229 23 1 105 11 115 1.22 125 1.3 ) 25 226 227 2-282 229 230
Mgo(GeV/c?) M, (GeV/c®) Mgc(GeV/c?)

Decay modes Biode/ Bret (This work) Biode/ Bret (PDG average)

N

A - pnta
AT — po
Al - pKTK~ (non-¢)

A = prta
Al = po
A} - pKTK~ (non-¢)

(6.70 4 0.48 4 0.25) x 1072
(1.81 £0.33+0.13) x 1072
(9.36 +2.22 +0.71) x 1073
Biode (This work)
(3.91 +0.28 +0.15 4+ 0.24) x 1073
(1.06 4 0.19 4 0.08 & 0.06) x 1073
(5.47 +1.30 +0.41 4+ 0.33) x 10~

(6.9 £3.6) x 102
(1.64 4+0.32) x 1072
(7£2+£2)x1073
Biode (PDG average)
(3.5 4+ 2.0) x 1073
(82+£2.7)x 107

(3.5+1.7) x 107 J
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At ™ pnand p °
PRD 95, 111102(R) (2017)

First evidence of the SCS decay, A" — p n (4.20 stat. significance).
No signals seen in At — p r°.
Predicted BFs vary under different theoretical models (SU(3) symmetry and FSI).

18

\

Mg (GeV/c?)

N—

' . [ —4— dat R <27.9@ 90% C.L
& L: Ac - pn(_’VV) . Foneee sii;:al curve %0-8' I—
RS [ assssssssssssssnnnnnnnnns - BT background curve % 0.6 '
% 30 - — total curve =04
s C R data in AE sideband § o2 '\
To) L C é R o 00
o - | Fl | l 1 + 2 N(A—>pr®)
S oo TR
2 I ! C T+ +
c T } 1 I i { —T—
) v — T
3 «nF Ll : + 7 +
10:_ ! :: . [ sesssssssssmsnuny +_
- 1 ) C Ac_’ tho
ol 1 ) X ! ol el il W AT DO N
15_”"“"‘”“" i 225.., 226 227 228 229 23
| —¢— data . o\ - 2
------- signal curve A pl’](_’TUTT[ ) Mg (GeV/c)
....... backgroundcurve FEEEEEEEEEEEEEEgEEEEEEEEEEEEE
- — total curve
10[ data in AE sideband B
[ ---- datainM___,sideband |z
0 T BTN U RTUTSUTITN § ¥, PSRRI t LL7Y \
225 226 227 228 229 2.3

BA:_,M()
Af > pn AF > pr® By,
BESIII 1244029 <027 <0.24
Sharma et al. [3] 0.2%(1.7° 0.2 1.0%0.1%)
Uppal et al. [4] 0.3 0.1-02  0.3-0.7
S.L. Chen et al. [12] 0.11-0.36°
Cai-Dian Lii ef al. [13] 0.45

“Assumed to have a positive sign for the p-wave amplitude

of Af — BOK+.

®Assumed to have a negative sign for the p-wave amplitude

of A} — EOKT.

‘Calculated relying on different values of parameters

b and a.

BF(A — p n) = (1.24%0.28+0.10)x10°3
BF(A\c — pt°) < 2.7x10* @ 90% C.L.
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Observation of At — Zt'nt'n®

Recently accepted to PLB

- First observation of CF decay, At — P,
- and improved BF on At — Ittt
- 2 n1U is reconstructed .

- Fit to M- - M, to extract the signal yields.

Mpn- = \/(Ebeam - Eyt+71+(7t0))2 - H?)AEL _757r+71+(7t0)|2

My = \/(Ebeam — E7T+7T+JT_(7TO))2 — HJ)AEF _7571+n+71_(710)|2

(d)

Events/0.005 GeV/c?

20

BF(A — Zmt'n®) = (2.11+£0.3310.14)%
BF(A: — Em'm*) = (1.81+0.17+0.09)%

02 025 03 035
M, — — M, (GeV/c?*) Y,

N—
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NN+ X

~preliminary result™

- Current PDG : BF(A:t ™ A+ X) =(35+11)%
Large rate, but also with large uncertainty...

- Double tag method: Tagged with two modes; pKmrt and pKs.

- Extract yields from 2D distributions in bins of pyr and |cos0],
where 0 is the polar angle w.r.t. the beam pipe.

\

2.3¢ S
2,205 T ThET o ETT RS
- - BF(AG — A +X) = (36.98+2.18)%
2285 AL =B |- Also, looked for;
2.28" o o _ _
prrriersmmessemseeeed o e o Mmoo A+ / A — /
2275 L Aoy — BAT = A+ X) - B[i}f__ o } + Ji:j1
D A BPA7, \ R S BA; = A+ X)+B(A; = A+ X)
2.2655— ‘  : "
2.26 C. D ' E - Acp = +0.0210.06.
2255 ' : : :
225 = s AT i 425 i L1J.1‘235
M, (GeV/c?)
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BF(AC+ — A e+ Vl)

PRL 115, 221805 (2015) and PLB 767, 42 (2017)

- Large rate via the CF transition,c 2 s |* v,

““““ . - First absolute BF measurement!
‘ﬂ“: . \ "‘ ° . °

““““ " aps¥.t - First measurement of its muonic mode!

““““ F)@X%%F—,ﬁﬁmmm
Ri3e . Sé ““““ - Ac+ —) A e+ V| _ Ac+ —) A |'l+ V|
0“\\%“‘> L . . E - ° .

o I : 79111 signal events: : 79111 signal events:

U 10 §_ e ‘OLLLLLLLE 1  esssssssssssssssmssEsssEEgEEEEEnnnns .

o F = 20F

— =

< 5

o 1f - Ny 5 J At — Artm®

~— I N >

_‘Cg \\\\\ = 10 [

=E

Q4nllh /] 17

10 L / _I_
B L — L _} e T
[ . . . . -l- AL e TTLITTTE
02 01 0 01 02 e ° o 02

Umiss (GGV)

- BF(At = A ' vy) =(3.49+0.460.27)%

-T(AE = A v)/T(AE — A et ve)

= 0.96+0.160.04
\—_ —/

BF(A — A e* ve) = (3.6310.38+0.20)%
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Summary

- BESIII has improved various A¢ BFs significantly
and made measurements on some new decay modes as
well based on ~0.2M A..

- Will continue to study on A decays
(other hadronic/semi-leptonic/rare decays).

- BESIII will keep collecting data in the next ~ decade.

- The current plan is to accumulate 1M A. in total
(along with 50M D°/50M D*/15M Ds/10B J/ ).




